Abstract
Introduction
The use of emergency and unplanned care in developed countries has long been increasing [1] [2] [3] . For instance, emergency hospital admissions in England rose by 32% over 14 years, from 4 million/year in 1998/99 [4] to 5.3 million in 2012/13 [5] . From 2001/02 to 2012/13 there was a 26% increase in emergency hospital admissions for potentially avoidable conditions such as ear or urinary tract infections [5] . The annual total number of emergency calls to English ambulance services rose from 5.6 million in 2004/05 [6] to 9.08 million in 2012/13 [7] , a 62% growth over eight years. The causes of these rises are contentious, with interest concentrated on 'inappropriate' attendances [8] [9] [10] and whether changes in provision of primary care may be spurring demand for unplanned care [2, 11, 12] . Ageing populations in many countries [2, 13, 14] are expected to impose still greater burdens on the urgent care system in the future.
Rural Health
Compared to urban populations, health outcomes in rural communities in developed countries are affected by longer travel distances using less well-maintained infrastructure [15] , less exposure to and participation in disease prevention programs [16] , delayed disease diagnosis [17] , confusion about access to urgent care [18, 19] , reduced choice of providers and treatment plans [16, [20] [21] [22] [23] , and less support for people managing chronic illness and their carers [15, 16, [24] [25] [26] . Rural residents may have higher costs of living and limited employment opportunities in some areas, but undoubtedly some costs in rural areas are likely to be less than they are for urban communities. Rural populations tend to relatively economically deprived and health-disadvantaged compared to urban groups in the USA [27] or Australia [28] , but within Europe, rural communities tend to be more affluent on average with reduced uptake of government benefits [29] . This has led to concerns within Europe that overall affluence can hide poverty [30, 31] and ill health in vulnerable rural individuals [32, 33] .
Objectives of this review
This review aimed to determine which, if any, health service interventions reduce use of unplanned health care by rural populations. Previous reviews [9, 34] considered which interventions were most successful at reducing use of unplanned care by the whole population (combined urban and rural), but interventions addressing only rural residents have not been previously studied. We defined "unplanned" use of health care to include all care sought without advance appointments, such as visits to hospital emergency departments, unscheduled hospital admissions, drop-in clinic visits, emergency transport or mobile medical staff call outs and use of out-of-hour GP services. This wide perspective is especially important in the context of British health care provision. The National Health Service in the UK is a taxpayer-funded universal health service that provides the vast majority of health care [35] , including multiple forms of unscheduled care such as emergency departments, emergency transport by ambulance, out-of-hours appointments and unplanned home visits. From the perspective of NHS provision, reductions in any form of unplanned health care use are potentially beneficial and there are net system gains if more expensive forms of unscheduled health care can be reduced, even if as a consequence, demand for other types of unplanned care may rise.
Methods

Protocol
The review protocol was registered with the PROSPERO International prospective register of systematic reviews at the University of York in July 2014 (ref. no. = CRD42014010508). Search terms were developed and tested using the Medline and Embase archives and undertaken in three scientific databases from 1984 to April 2014 (MEDline, Embase and Central) and in 22 grey literature sources. References of background policy documents and eligible studies were screened to check for further articles to include.
"Remote" was treated as a synonym for rural only when it denoted locations away from urban development, and not just physically removed from the care provider. The intervention had to be provided by health services (qualified health professionals), which meant that initiatives such as road speed limits or safety regulations in the workplace were excluded. No restrictions were placed on study design, patient characteristics or language. Studies were restricted to populations living in OECD member nations to ensure comparability of health service provision. We use the terms urgent, unscheduled and unplanned as applied by the original researchers and otherwise as interchangeable.
Study Eligibility and Quality Assessment
Included studies had to feature all of these aspects: 1) Rurality (rural or remote);
2) Mention of an event (admission, incident, appointment, episode, care provided, treatment, assessment etc.)
3) Urgent adjective for the event (unscheduled, urgent, unplanned or emergency) 4) Intervention plan or practices (with measured impact on demand for urgent care) 5) Study design that indicated comparators, such as randomized controlled trial, case series, case controls, etc.
One researcher initially screened all scientific articles for inclusion criteria, with a 20% sample verified by a second researcher for consistency; initial agreement between screeners was 93.7% and disagreements were resolved by discussion. Reference lists of review and policy documents identified from grey literature that had passed through initial screening were then checked for further articles that might meet our inclusion criteria. Standard format tables were used for data extraction. These described baseline characteristics, study outcomes, risk of bias and study quality which were generated, initially by one researcher and verified by a second author, with differences resolved by discussion. Risk of bias assessment was undertaken using Cochrane criteria [36] for randomised controlled trials and a modified Newcastle-Ottawa Scale [37] for other studies. Heterogeneity of interventions and study design meant that meta-analysis was not possible, so a narrative analysis was undertaken. 
Results
The search process is illustrated in Figure 1 . 1418 unique scientific articles were found, plus 1290 (sometimes duplicated) reports and other documents from grey literature. Full search operations and results are reported in supplemental tables S1-S2 for scientific literature and S3 for grey literature. 27 scientific articles were included from the scientific literature search and five reports came from grey literature. One item [38] was found from screening references of other reviews on unplanned care use. Therefore a total of 33 articles were included. All final selected articles were written in English as no other language articles met the inclusion criteria.
Studies were undertaken in the USA, Australia, UK, Canada, Japan and Germany. Over 70% of studies monitored for possible change in demand for at least 12 months either after or concurrent with the intervention. Participant groups tended to be large (dozens or even hundreds of consultations or treatment opportunities).
Table 1 about here
Study characteristics
All selected papers mentioned use of unplanned care as an outcome measure. The most common outcomes were visits to accident & emergency departments (n=10) and unscheduled hospital admissions (n = 14; Table 1 ). Most studies featured patients of any age, six targeted children and seven were focused mostly or entirely on older adults.
There were 33 articles describing 31 research projects. Thaker et al. [39] and Sabesan and Brennan [40] gave similar results from the same Australian telemedicine program at different points in time, while conclusions were available from two sources about the same "virtual wards" program in south western England [41, 42] . All other included articles described unique projects.
Risk of Bias
High risk for performance bias was determined for a majority of RCTs, because it was apparent that participants would know which arm of the trial they were in. Risk of bias was often uncertain for randomisation procedures (selection bias), due to inadequate information supplied in the article (Supplemental Tables S4 and S5 ). Risk of bias ratings for studies only reported in conference abstracts tended to be unclear in all domains in spite of our efforts to contact the authors for further information, demonstrating how difficult it can be to find useful information in such brief reports for the purposes of a systematic review. The equivalent forms of bias (Newcastle Ottawa Scale indicators) for non-RCTs were less likely to be high or unclear.
Among non-RCTs, high bias was most likely to result from how comparison groups were treated and there was some indication (high risk) of incomplete data reporting.
Study Design
Eight RCTs were included in the review while 25 non-RCTs either monitored possible changes in unscheduled care use before or after new practices were implemented, or between an intervention group and matched non-randomised controls. Eight studies (one RCT [55] and seven non-RCT design) reported statistically significant reductions in unplanned care use. Table 2 lists these studies with their clinical impacts. Four of the non-RCTs reported no statistically significant reductions in unplanned care use. The remaining 14 non-RCTs mostly focused on pragmatic aspects of pilot studies and although they usually reported reductions in unplanned care use, they did not comment on possible statistical significance.
Health conditions and strategies employed to reduce use
Intervention strategies were diverse although similar elements were often in both the most and least successful interventions. In the following discussion interventions were categorised as self-management and case-management, specific conditions, telemedicine (including remote support by specialists of local health care professionals), acute presentations and other. Some studies fall into more than one of these categories.
Self-management and case-management
Twelve papers described programs that teach patients how to better self-manage long-term illness, which included diabetes [43] , heart failure [44] [45] [46] , COPD [47] , mental illness [48-50], and asthma [51] [52] [53] [54] . In one of the heart failure studies [44, an RCT], patients had statistically significant increased numbers (p=0.01) of unscheduled medical appointments, possibly due to increased patient anxiety about signs of deterioration in an intense case management scheme.
In two of these self-management studies (on COPD [47] and asthma [52]) there was statistically significant reduced use of unscheduled care (p < 0.05). The other nine papers did not report statistically significant results about changes in usage of unplanned care.
Six papers were concerned with optimal case management of and routine treatment for chronically ill ("high risk") individuals in the community [41, 42, [55] [56] [57] [58] . One of these was the only RCT included in the review that reported statistically significant reduced use of emergency care [58] , but it also had high or unclear risk of bias in all domains (Supplemental Table S4 ). The other 5 showed no significant reductions. The 'Virtual Wards' project in England also illustrates contrasting views on the same programme. The Kings Fund [55] reported an impressive ~20% reduction in emergency admissions from patients in the highest risk groups (before and after intervention was implemented). Yet, comparison was made with high risk patients not part of the Virtual Wards programme and their admission rate was not statistically different from the intervention group. In a more detailed analysis of the same intervention over a longer period and using nationally matched case controls, the Nuffield Trust [41] concluded that the intervention group did not have significantly fewer visits to A&E and that overall, the Virtual Wards project was not highly cost effective compared to usual care.
Specific conditions
Two studies addressed cancer treatment [39, 40, 59 ], reporting how routine monitoring or treatment in the community might prevent use of emergency medical care, but did not achieve significant decreases in usage of unscheduled care Three reports described management of [38, [63] [64] [65] described interventions that addressed unscheduled treatment needed for unspecified conditions of any severity; only one of these [38] , which described provision of low cost walk-in clinics, led to a significant reduction in usage of unscheduled care. One article addressed major trauma [66; significant reduction achieved] while two articles [67, 68] focused on relatively minor or potentially self-limiting problems such as burns, eye infections, cystitis and other ambulatory conditions (neither achieved significant reductions in usage of unscheduled care). Two studies [38, 64] reported on changes in unplanned care use associated with alternative types of service provision (such as walk-in centres, ad-hoc telephone consultations and community clinics), with no significant fall seen in the UK [64] but a significant decrease in unplanned care use in the USA [38] .
Telemedicine
Thirteen articles [39, 40, 45, 46, 48, 49, 59 ,61,65-69] described telemedicine interventions. One telemedicine service offered for routine care was unexpectedly utilised for urgent presentations [39, 40] and observed to reduce emergency transfer and hospitalisation. In three projects [46, 59, 69] it was hoped that technology used to remotely monitor chronic conditions in individual cases would lead to less usage of unplanned care, but results were mixed.
Technology reduced unscheduled hospital visits in a group of children on home-ventilators (p < 0.05) [69] , without significant increases in other urgent care measures. Combined total scheduled and unscheduled clinic visits were reduced significantly (p <0.001) while unscheduled visits significantly increased (p=0.009) in a heart failure application of telemedicine [46] . A third study [59] , employing tele-monitoring and tele-prompting of American military veterans with cancer, reported more visits to emergency departments in the intervention over control group (p-values not available).
Acute presentations
Three projects [49, 63, 67] implemented triage protocols to assess immediate medical needs (or lack thereof) from unplanned presentations, and patients were often referred to other providers.
No statistically significant reductions were found. Seven studies [48,49,61,65-68] enabled immediate local assessment and treatment by staff who were not specialists in emergency care but acting under the guidance of suitably qualified but remotely located emergency experts.
Statistically significant reductions in use of unscheduled care were achieved in only two [61, 66] of these seven studies. In most of the telemedicine applications, unplanned care was still sought and received, but the costs for providing care were believed to be lower than an alternative protocol of transport to, assessment at and treatment at a large hospital emergency department.
Other: concern to not increase usage
Two articles describe interventions that were not so much intended to reduce unscheduled care but rather were concerned not to increase it [56, 70] . These papers assessed the safety and reliability of treatment or care by non-expert staff which normally would have provided by a more qualified professional. The outcome measures were whether emergency presentation, incorrect diagnosis or treatment or follow-up presentation for the same condition was more likely depending on whether original diagnosis or treatment was made by a health care assistant, non-emergency specialist (general practitioner), remotely located emergency specialists or onsite emergency-specialists. Both studies found no evidence of increased urgent treatment after care by any type of professional.
Benefits besides reduced use of urgent care
In most of the telemedicine applications, unplanned care was still sought and received, but the costs for providing care were believed to be lower than an alternative protocol of transport to, assessment at, and treatment at a large hospital emergency department. Stated per patient estimated cost savings in preventing emergency transport or transfers were Canadian $300 (US $326 at August 2015 prices) [48] , Canadian $5350 (US $5425) [65] and UK £929 (US $2210.19) [67] . These cost-savings were calculated as the cost to transport plus cost to treat at emergency centre minus the cost to treat using telemedicine. Total savings in one multi-centre telemedicine project were calculated at Australian $320,118 (US $340,370) [39] , although not every centre in the project had net savings. In the context of the Canadian, UK and Australian health systems, these savings per patient or per project were considered by the study authors to be substantial and justified continued service provision. Net cost savings were claimed but not specified in two studies [56, 57] , while some articles other reported valuable and usually statistically significant intervention benefits (at p ≤ 0.05) such as earlier warning of clinical decline [46] , reduced number of scheduled clinic visits [46] or reduced days of bed care in hospital [59] .
Discussion
There was little high quality research assessing interventions to reduce unplanned healthcare use by rural residents. Weak evidence from eight studies (one RCT and seven non-RCT design)
showed statistically significant reductions in unplanned care use. Three of these articles were concerned with management of chronic illness (asthma, COPD and generic), three were telemedicine articles (respiratory failure, advice about burns treatment or suspected major trauma and reduction in suicide risk), and one described affordable price community health clinics that provided preventative care to an otherwise underserved population. The majority of the other 25 articles reported reductions in use of unplanned care which lacked statistical significance, which often wasn't tested for at all. Intervention elements and strategies were often similar across both statistically significant and non-significant articles making it difficult to identify which intervention strategies were most successful, although programs that promoted self-management of chronic illness, increased access to services and telemedicine often reduced use. Incomplete reporting was a problem among some of our included reports which were only available as conference proceedings (in spite of our efforts to find follow-up publications). More rigorous study designs (e.g. randomised controlled trials), more effort to make statistical comparisons, and more detailed evaluation of services that tend to be only described in conference proceedings would be desirable in future research.
Recurring problems with delivering rural health care that have been identified in other literature also surfaced in our review. For instance, in an education program for COPD in a small town (population = 5260) [47] , it was noted that most participants came from within the town and not from the surrounding rural region, consistent with claims that rural residents tend to participate less often in health promotion programs [16] . Poor support networks for rural elders with chronic illness is often mentioned in commentaries on rural health [20, [71] [72] [73] [74] [75] , and was touched upon in our included studies [56, 58] . Other obstacles were described, such as reluctance by emergency services staff to implement even a quite brief (and ultimately ineffective) preventative asthma intervention [51] . This reluctance by emergency staff to provide preventative education may be unfortunate in the rural context, because some rural groups (eg., agricultural workers) are very low users of primary care, so the only opportunity to promote preventative health management to these populations may be during their contact with emergency services [20, [72] [73] [74] . More positive results were found in many telemedicine reports which cited an increase in treatment options for rural communities as an important benefit [65, 66] that redresses problems of limited treatment options and service provision in rural communities [20, [71] [72] [73] [74] . The review found no evidence that touched upon grossly inappropriate presentations or that implicated poor access to out-of-hours consultations with family doctors.
Our findings about which interventions work for rural populations are broadly in agreement with findings of other reviews of unscheduled medical care for combined urban and rural populations. Three relevant and recent systematic reviews considered interventions on combined urban and rural populations. Purdy et al [76] concluded that the following factors may reduce unplanned hospital admissions: preventative education, especially in selfmanagement, interventions that address heart failure, rehabilitation, telemedicine, exercise promotion, and continuity of care. Huntley et al [77] found that continuity of care interventions may reduce unplanned admissions. Ismail et al [9] concluded that walk-in centres, out-ofhours GP access and telephone triage in primary care had negligible impacts on demand for unscheduled care, but that emergency nurse practitioners in community primary care may reduce such demand. Our review, with a focus on usage by rural residents, finds no evidence to contradict the conclusions of these other reviews. It seems likely that most interventions suitable for urban populations will also be effective for rural communities.
Limitations
The inclusion of broad categories of unscheduled care use (not just attendances and presentations to the emergency department) is a strength of the review, but this wide definition also precluded assessment using meta-analysis. Some implemented interventions may never have been considered for publication and as a consequence their results cannot contribute to our review. We searched for under-evaluated and under-reported interventions in grey literature but found relatively few items. More studies should be rigorously reported and evaluated. Publication bias may also have impacted our findings.
We do not consider how the needs of health care needs or problems of rural populations may vary by country. Most of our studies came from North America, Japan or Australia where rural populations generally have lower socio-economic status and poorer health outcomes than urban communities. This is in contrast to the UK or Germany where rural populations are mostly more affluent than the national average. There were insufficient studies to draw strong conclusions, but there was no apparent difference in how well interventions worked whether the location was UK/Germany or USA/Japan/Australia. A more important difference rather than socio-economic status reversal, or even different formats of health service provision, may be the distances involved when telemedicine interventions are employed in each country. The USA and Australia are continental wide with potentially vast distances to cover when transport is required. The potential cost-savings from telemedicine in these locations are probably much higher than for Japan/Germany/UK. Conversely, the high density of population and health care facilities in the latter countries may reduce risks associated with experimental protocols to not immediately transport patients, because if it's decided that a visit to the emergency department is required after all, it's not too far to go. It is beyond the scope of this paper to assess the many possible risk balance trade-offs involved in such intervention planning.
The review only briefly discusses other types of desirable outcomes besides demand for unscheduled care. Our analysis determined risk of bias, and not many other indicators of study quality that have been suggested but are rarely reported in systematic reviews (a long if still not exhaustive list of candidate quality indicators is in Deeks et al 2003) .
Conclusions
Our review on rural residents broadly concurs with other reviews on combined urban-rural populations that targeting chronic illnesses management, telemedicine and community health clinics may be effective at reducing emergency presentations. It is useful to establish that interventions that work well in combined urban-rural populations seem to also be effective in the rural subgroup alone. Telemedicine was most consistently reported as effective at reducing unplanned care use or expensive emergency transport, particularly when it brought specialist skills to remote locations[61, [65] [66] [67] . Due to the higher travel costs and travel distances to health care facilities, it seems likely that telemedicine will continue to be especially costeffective in rural areas.
Due to ageing populations and corresponding rises in chronic illness [2, 3, 13, 14] , the demand for unscheduled health care is likely to continue to rise in developed countries. It is argued [10] that interventions to reduce demand for unplanned care should target socially deprived individuals, but they can be especially difficult to identify in rural areas where overall affluence may mask individual deprivation [32] . This review found that chronic illness management, telemedicine and community health clinics all had potential to reduce use of unplanned health care by rural populations. Future research should evaluate interventions more robustly and more clearly report the results. 
